Neutrophils roll on E-selectin in inflamed venules through interactions with cell-surface glycoconjugates. The identification of physiologic Eselectin ligands on neutrophils has been elusive. Current evidence suggests that P-selectin glycoprotein ligand-1 (PSGL-1), E-selectin ligand-1 (ESL-1), and CD44 encompass all glycoprotein ligands for E-selectin; that ESL-1 and CD44 use N-glycans to bind to E-selectin; and that neutrophils lacking core 2 O-glycans have partially defective interactions with E-selectin. These data imply that N-glycans on ESL-1 and CD44 and O-glycans on PSGL-1 constitute all E-selectin ligands, with neither glycan subset having a dominant role. The enzyme Tsynthase transfers Gal to GalNAcα1-Ser/Thr to form the core 1 structure Galβ1-3GalNAcα1-Ser/Thr, a precursor for core 2 and extended core 1 O-glycans that might serve as selectin ligands. Here, using mice lacking T-synthase in endothelial and hematopoietic cells, we found that E-selectin bound to CD44 and ESL-1 in lysates of T-synthasedeficient neutrophils. However, the cells exhibited markedly impaired rolling on E-selectin in vitro and in vivo, failed to activate β2 integrins while rolling, and did not emigrate into inflamed tissues. These defects were more severe than those of neutrophils lacking PSGL-1, CD44, and the mucin CD43. Our results demonstrate that core 1-derived O-glycans are essential E-selectin ligands; that some of these O-glycans are on protein(s) other than PSGL-1, CD44, and CD43; and that PSGL-1, CD44, and ESL-1 do not constitute all glycoprotein ligands for E-selectin.
Neutrophils roll on E-selectin in inflamed venules through interactions with cell-surface glycoconjugates. The identification of physiologic Eselectin ligands on neutrophils has been elusive. Current evidence suggests that P-selectin glycoprotein ligand-1 (PSGL-1), E-selectin ligand-1 (ESL-1), and CD44 encompass all glycoprotein ligands for E-selectin; that ESL-1 and CD44 use N-glycans to bind to E-selectin; and that neutrophils lacking core 2 O-glycans have partially defective interactions with E-selectin. These data imply that N-glycans on ESL-1 and CD44 and O-glycans on PSGL-1 constitute all E-selectin ligands, with neither glycan subset having a dominant role. The enzyme Tsynthase transfers Gal to GalNAcα1-Ser/Thr to form the core 1 structure Galβ1-3GalNAcα1-Ser/Thr, a precursor for core 2 and extended core 1 O-glycans that might serve as selectin ligands. Here, using mice lacking T-synthase in endothelial and hematopoietic cells, we found that E-selectin bound to CD44 and ESL-1 in lysates of T-synthasedeficient neutrophils. However, the cells exhibited markedly impaired rolling on E-selectin in vitro and in vivo, failed to activate β2 integrins while rolling, and did not emigrate into inflamed tissues. These defects were more severe than those of neutrophils lacking PSGL-1, CD44, and the mucin CD43. Our results demonstrate that core 1-derived O-glycans are essential E-selectin ligands; that some of these O-glycans are on protein(s) other than PSGL-1, CD44, and CD43; and that PSGL-1, CD44, and ESL-1 do not constitute all glycoprotein ligands for E-selectin.
cell adhesion | endothelium | inflammation | rolling C irculating leukocytes emigrate into lymphoid organs or inflamed sites through sequential adhesive and signaling events (1) . They tether to and roll on endothelial cells, then decelerate, arrest, and crawl into underlying tissues. Selectin-ligand interactions mediate tethering and rolling, whereas integrin-ligand interactions mediate deceleration, arrest, and crawling. L-selectin, expressed on leukocytes, binds to ligands on other leukocytes and some endothelial cells. P-selectin, expressed on activated platelets and endothelial cells, and E-selectin, expressed on activated endothelial cells, bind to ligands on leukocytes (2, 3) .
The C-type lectin domain of each selectin interacts in a Ca 2+ -dependent manner with α2-3-sialylated and α1-3-fucosylated cellsurface glycoconjugates. The minimal recognition determinant is sialyl Lewis x, or sLe x [NeuAcα2-3Galβ1-4(Fucα1-3)GlcNAcβ1-R], a terminal component of some N-glycans and mucin-type Oglycans. P-and L-selectin bind to the leukocyte mucin P-selectin glycoprotein ligand-1 (PSGL-1) through cooperative interactions with N-terminal sulfated tyrosines, other amino acids, and a core 2 O-glycan capped with sLe x (4-6). L-selectin also binds to a sulfated form of sLe x that caps N-and O-glycans on endothelial cell mucins in lymph nodes (7, 8) .
Ligands for E-selectin do not require sulfation. Expression of an α1-3-fucosyltransferase in most cells confers binding to Eselectin (2, 3) , suggesting that E-selectin can bind to many proteins bearing sLe x -capped glycans. However, E-selectin interacts with only a few glycoproteins on leukocytes. This may reflect the limited α1-3-fucosylation of glycans on these cells, particularly on murine leukocytes (9) , and the preferential fucosylation of particular glycoproteins (10, 11) . Proteolytic digestion of murine neutrophils removes all binding sites for E-selectin, supporting the key role of glycoproteins as E-selectin ligands (9) . Gene knockout studies in mice reveal that PSGL-1 and CD44 are major glycoprotein ligands for E-selectin on neutrophils. PSGL-1-deficient neutrophils tether poorly to E-selectin but roll with normal velocities (12) . CD44-deficient neutrophils tether normally to E-selectin and roll with normal or slightly higher velocities. However, neutrophils lacking both PSGL-1 and CD44 roll much faster on E-selectin (13, 14) . Knockdown experiments with short hairpin RNA have implicated E-selectin ligand-1 (ESL-1) as a third ligand for E-selectin on murine neutrophils (15) . Neutrophils deficient in all three glycoproteins have severe defects in rolling on E-selectin and markedly decreased recruitment to inflamed sites in vivo, leading to the conclusion that PSGL-1, CD44, and ESL-1 constitute all physiologically relevant ligands for E-selectin (15) .
CD44 and ESL-1 on neutrophils use N-glycans to interact with E-selectin (13, 16, 17) . Core 1-derived O-glycans, which include core 1, extended core 1, and core 2 structures, are the predominant O-glycans on hematopoietic cells (Fig. 1A) . The enzyme core 1 β1-3-galactosyltransferase (T-synthase) transfers Gal from UDP-Gal to GalNAcα1-Ser/Thr (Tn antigen) to form the core 1 backbone Galβ1-3GalNAcα1-Ser/Thr (T antigen) (18) . Extension of the core 1 backbone or branching to create the core 2 structure is required before sLe x can be added (3, 7) (Fig. 1A) . One of the seven known β1-3-N-acetylglucosaminyltransferases, β3GlcNAcT-3, extends core 1 structures in lymph node endothelial cells in vivo (19) . Two other β3GlcNAcTs exhibit core 1 extension activity in vitro (20) . A family of three core 2 β1-6-N-acetylglucosaminyltransferases (C2GnTs) synthesizes core 2 structures (21). Neutrophils from KO mice lacking C2GnT1 have severely impaired rolling on P-selectin in vitro and in vivo (22, 23) . C2GnT1-deficient neutrophils tether poorly to Eselectin in inflamed venules but roll with normal velocities (23) , which resembles the phenotype observed in PSGL-1-deficient mice (12) . These data suggest but do not prove that PSGL-1 uses core 2 Oglycans to interact with E-selectin as well as P-selectin. Some reports (24-26), but not others (27) , suggest that the mucin CD43 is a physiologic E-selectin ligand on activated T cells.
Importantly, key contributions of O-glycosylated proteins to rolling on E-selectin might not be detected in cells lacking PSGL-1, CD44, and ESL-1. Definitively addressing the role of O-glycans as ligands for E-selectin has been limited by the inability to eliminate all core 1-derived O-glycans on leukocytes. Mice lacking T-synthase specifically in endothelial and hematopoietic cells (EHC T-syn defective lymphangiogenesis with high embryonic and postnatal mortality, primarily because of gastrointestinal bleeding (28) . Using EHC T-syn −/− mice that survived to adulthood, we found that core 1-derived O-glycans are essential E-selectin ligands on neutrophils. (Table S1 ), similar to that observed in mice lacking P-, E-, and L-selectin (29) . In our animal facility, neither EHC T-syn −/− mice nor mice lacking all three selectins had increased rates of infection. All neutrophils from EHC T-syn −/− mice expressed the Tn antigen (Fig. 1B) , confirming efficient excision of the C1galt1 gene in hematopoietic cells. Enzymatic desialylation of T-syn −/− neutrophils did not expose more Tn antigen (Fig. 1B) , indicating that they expressed little sialylated Tn antigen (NeuAcα2-6GalNAcα1-Ser/ Thr). Loss of core 1-derived O-glycans in T-syn −/− neutrophils did not alter the surface density of major membrane glycoproteins, including PSGL-1, CD43, and CD44 (Fig. 1C) .
E-selectin-IgM bound to WT neutrophils from peripheral blood (Fig. 1D) . A mAb to E-selectin blocked binding, documenting its specificity. E-selectin-IgM binding to neutrophils from PSGL-1 −/− mice was significantly reduced, and binding to neutrophils from PSGL-1 −/− /CD44 −/− mice was further decreased but not eliminated (Fig. 1D) , confirming earlier studies (12, 13, 15) . No contribution of CD43 to E-selectin-IgM binding was revealed in
−/− mice. In contrast, E-selectin-IgM binding to Tsyn −/− neutrophils was reduced to near-background levels. No further reduction in binding to T-syn
−/− neutrophils was observed. Thus, E-selectin-IgM binds extremely poorly to neutrophils that lack core 1-derived O-glycans. P-and L-selectin-IgM also failed to bind to T-syn −/− neutrophils ( Fig. S1 ), consistent with their inability to synthesize a core 2 O-glycan near the N terminus of PSGL-1 that is required for binding (4-6).
E-Selectin Binds to CD44 and ESL-1 but Not to PSGL-1 from T-syn −/− Neutrophils. The conclusion that PSGL-1, CD44, and ESL-1 constitute all E-selectin ligands on neutrophils (15) does not predict the marked decrease in E-selectin-IgM binding to T-syn −/− neutrophils, because E-selectin reportedly binds to N-rather than O-glycans on CD44 and ESL-1 (13, 16, 17) . We therefore measured the ability of E-selectin-IgM to precipitate PSGL-1, CD44, or ESL-1 from lysates of surface-biotinylated WT or T-syn −/− leukocytes from bone marrow. Neutrophils account for more than 90% of the selectin-binding cells in this population (14, 30) . The portion of proteins on the cell surface was quantified by precipitation with streptavidin. Most of the PSGL-1 and CD44, but only a minority of the ESL-1, was on the cell surface ( Fig. 2A) , consistent with the predominant distribution of ESL-1 in the Golgi apparatus (31) . Total and surface levels of ESL-1 were comparable in WT and T-syn −/− neutrophils. This indicates that loss of core 1-derived O-glycans did not indirectly affect the expression of ESL-1.
E-selectin-IgM quantitatively precipitated total and surface PSGL-1 from WT but not from T-syn −/− lysates ( Fig. 2A) , revealing a key role for core 1-derived O-glycans as E-selectin ligands on PSGL-1. E-selectin precipitated only a very small percentage of PSGL-1 from lysates of C2GnT1 −/− neutrophils ( Fig.  2B ). This suggests that core 2 O-glycans constitute most but not all of the E-selectin ligands on PSGL-1.
E-selectin precipitated CD44, although inefficiently, from both WT and T-syn −/− lysates ( Fig. 2A ). This suggests a low-affinity interaction of E-selectin with CD44 from both genotypes that could not be distinguished in this assay. E-selectin quantitatively precipitated total and surface ESL-1 from both WT and T-syn
lysates. These data demonstrate that E-selectin binds to CD44 and ESL-1 from T-syn −/− neutrophils, presumably through interactions with N-glycans. PSGL-1, CD44, and ESL-1 were not precipitated by CD45-IgM or by E-selectin-IgM in the presence of EDTA, confirming the specificities of the observed interactions.
T-syn
−/− Neutrophils Have Markedly Impaired Rolling on E-Selectin in Vitro. We compared the abilities of bone marrow leukocytes to tether to and roll on E-selectin under flow. In our experimental system, more than 90% of the rolling cells are neutrophils (14) . We used a high E-selectin density (500 sites/μm 2 ) to detect minor adhesive differences in cells lacking one or more ligands. As reported previously (12) , fewer PSGL-1 −/− neutrophils rolled on E-selectin (Fig. 3A) because of impaired tethering (Fig. 3B) , but those cells that tethered rolled with normal velocities (Fig. 3C) . For other genotypes, reductions in the number of cells rolling on E-selectin reflected both decreased tethering and faster rolling. No contribution of CD43 to tethering or rolling was observed. −/− neutrophils were reduced to near-background levels, suggesting a minor contribution of N-glycans on CD44 to rolling on E-selectin. This contribution was not detected on a lower Eselectin density of 150 sites/μm 2 ( Fig. S2 ). We also perfused peripheral blood leukocytes over E-selectin. As for bone marrow leukocytes, greater than 90% of the rolling cells were neutrophils. For each genotype, the rolling parameters of peripheral blood neutrophils on E-selectin were indistinguishable from those of bone marrow neutrophils, confirming their equivalent functions (Fig. S3) . WT neutrophils rolling on E-selectin initiate a spleen tyrosine kinase (Syk)-dependent signaling cascade that activates integrin α L β 2 to an intermediate conformation, which slows rolling on intercellular adhesion molecule-1 (ICAM-1) (32). PSGL-1 −/− or CD44 −/− neutrophils, but not PSGL-1 −/− /CD44 −/− neutrophils, also activate α L β 2 to slow rolling, demonstrating that E-selectin engagement of either PSGL-1 or CD44 triggers integrin activation in normally glycosylated cells (14) . We increased the Eselectin density to 800 sites/μm 2 to enable T-syn −/− neutrophils to roll at the same velocity as WT neutrophils rolling on E-selectin at 150 sites/μm 2 or PSGL-1 −/− /CD44 −/− neutrophils rolling on E-selectin at 500 sites/μm 2 , an indicator of comparable numbers of E-selectin/ligand bonds per unit time (Fig. 4A) . WT but not PSGL-1 −/− /CD44 −/− or T-syn −/− neutrophils rolled slower on coimmobilized ICAM-1. Anti-ICAM-1 mAb prevented slow rolling, confirming the specificity of the interaction. We rotated neutrophils for 5 min on E-selectin at the densities used for rolling and blotted cell lysates with anti-phospho-Syk antibody to measure Syk activation. WT but not PSGL-1 −/− /CD44 −/− or T-syn −/− neutrophils activated Syk (Fig. 4B) . These data demonstrate that E-selectin does not trigger Syk-dependent α L β 2 activation in T-syn −/− neutrophils. To ensure that loss of O-glycans did not globally impair integrin activation, we immobilized E-selectin with the chemokine CXCL1, which signals through the Gα i protein-coupled receptor CXCR2 to activate α L β 2 to a high-affinity conformation that mediates firm adhesion to ICAM-1 (33) . Both WT and T-syn −/− neutrophils rolling on E-selectin rapidly arrested on coimmobilized ICAM-1 (Fig. 4C) .

−/− Neutrophils Have Markedly Impaired Rolling on E-Selectin in Vivo. We used intravital microscopy of murine cremaster muscle to measure neutrophil rolling in venules after stimulation with TNF-α, which induces expression of P-and E-selectin (34) . Neutrophil rolling was defined as the rolling flux fraction, the number of rolling neutrophils divided by the total number of leukocytes passing through the vessel. Rolling was visualized in the same venules before and after sequentially injecting blocking mAbs to P-and E-selectin. In WT mice, rolling was reduced by anti-P-selectin mAb and was subsequently eliminated by anti-Eselectin mAb (Fig. 5A ). Anti-P-selectin mAb was sufficient to eliminate rolling in E-selectin −/− mice. Anti-P-selectin mAb did not further reduce neutrophil rolling in PSGL-1 −/− and EHC Tsyn −/− mice. No contribution of CD43 to rolling was observed. Eselectin-dependent rolling was greatly decreased in PSGL-1 −/− / CD44 −/− and EHC T-syn −/− mice. Rolling was further reduced to background levels in EHC T-syn −/− /CD44 −/− mice, suggesting a modest contribution of N-glycans on CD44 to rolling. To determine the relative contributions of O-glycans on neutrophils and endothelial cells to rolling, we transplanted WT bone marrow cells into irradiated EHC T-syn −/− mice and T-syn −/− bone marrow cells into irradiated WT mice. Rolling of WT neutrophils in T-syn −/− venules was normal, whereas rolling of T-syn −/− neutrophils in WT venules was markedly decreased. We measured velocities of neutrophils rolling on E-selectin after injecting anti-P-selectin mAb (Fig. 5B) 
/CD44
−/− mice could not be distinguished. Rolling was highly irregular and included frequent "skipping" whereby neutrophils briefly detached from the venular wall and then reattached downstream in the field of view. Therefore, displacements from skipping were included in the mean rolling velocities. WT neutrophils rolling in TNF-α-stimulated venules encounter the chemokine CXCL1, which stimulates integrin-dependent firm −/− mice was significantly reduced, confirming a previous report (15) , but was even lower in EHC T-syn −/− mice (Fig. 5C ). No further reduction in adhesion was discerned in EHC T-syn
−/− mice. These data demonstrate that T-syn −/− neutrophils have severely impaired rolling on E-selectin in vivo. As a result, virtually no T-syn −/− neutrophils transition to integrin-dependent arrest on venular surfaces.
T-syn
−/− Neutrophils Have Markedly Impaired Recruitment into Inflamed
Tissues. We measured neutrophil recruitment into the peritoneum 4 h after thioglycollate challenge, a model of selectin-dependent inflammation (29) . Neutrophil migration in PSGL-1
mice was significantly reduced, confirming earlier studies (13, 15) . Migration in EHC T-syn −/− mice was even lower and was indistinguishable from that observed in mice lacking P-, L-, and E-selectin (Fig. 6A) . No further reduction in EHC T-syn
−/− mice was detected. To exclude effects of core 1-derived O-glycans from endothelial cells on recruitment, we used a competitive homing assay in WT mice. A 1:1 mixture of WT and KO leukocytes labeled with different dyes was injected i.v. into WT mice 2 h after i.p. injection of thioglycollate. After another 2 h, blood and peritoneal cells were collected. The ratio of labeled neutrophils in blood remained close to 1 (Fig. S4 ). Relative to WT neutrophils, migration of PSGL-1
−/− neutrophils into the peritoneum was significantly reduced (Fig. 6B) . Migration of T-syn −/− neutrophils was even lower. No further reduction in migration of Tsyn
−/− neutrophils was discerned.
Leukocytes Express mRNA for β3GlcNAcTs with Core 1 Extension Activity and for C2GnT1 but Not C2GnT2 or C2GnT3. Compared with C2GnT1 −/− neutrophils (22, 23), T-syn −/− neutrophils interacted much less well with E-selectin. This suggests that neutrophils also express E-selectin ligands on core 2 structures synthesized by C2GnT2 or C2GnT3 or on extended core 1 structures synthesized by β3GlcNAcTs. Using RT-PCR of RNA from WT leukocytes, we detected transcripts for C2GnT1 but not for C2GnT2 or C2GnT3 (Fig. S5) . We also detected transcripts for all seven β3GlcNAcTs, including the enzyme with the best-documented core 1 extension activity, β3GlcNAcT3. These data suggest that leukocytes use only C2GnT1 to synthesize core 2 O-glycans and express β3GlcNAcTs that might synthesize extended core 1 O-glycans. 
Discussion
Previous studies concluded that the glycoproteins PSGL-1, CD44, and ESL-1 constitute all E-selectin ligands on murine neutrophils (15) . E-selectin binds to N-glycans on CD44 and ESL-1 (13, 16, 17) , and neutrophils lacking CD44 and ESL-1 have partial defects in rolling on E-selectin (15) . C2GnT1 −/− neutrophils tether less well to E-selectin but roll with normal velocities (23) . Collectively, these data imply that neutrophils use both N-and O-glycans as E-selectin ligands, with neither subset having a dominant role. Here, using T-syn −/− neutrophils lacking all core 1-derived Oglycans, we demonstrated that these structures are essential Eselectin ligands in vitro and in vivo. Our data argue that PSGL-1, CD44, and ESL-1 do not represent all glycoprotein ligands for Eselectin on neutrophils. Furthermore, the N-glycans on CD44 and ESL-1 are not sufficient to support appreciable neutrophil rolling on E-selectin. Although this study focuses on neutrophils, our findings may extend to other leukocyte subsets.
We documented failure of P-and L-selectin to bind to T-syn −/− neutrophils, consistent with the inability of the cells to synthesize a core 2 O-glycan near the N terminus of PSGL-1 that is required for binding (4) (5) (6) . The additional profound defects in E-selectin binding to T-syn −/− neutrophils were physiologically important. Despite the marked neutrophilia in EHC T-syn −/− mice, very few neutrophils tethered to E-selectin in TNF-α-activated venules. Those that tethered rolled very rapidly, and almost none arrested on the venular surface. Accordingly, migration of T-syn −/− neutrophils into the inflamed peritoneum was as severely reduced as in mice lacking all three selectins.
That E-selectin failed to bind PSGL-1 in lysates of T-syn
neutrophils establishes that PSGL-1 uses core 1-derived O-glycans as E-selectin ligands. E-selectin bound indistinguishably to CD44 or ESL-1 from WT and T-syn −/− neutrophils. These results support the importance of N-glycans as E-selectin ligands on these proteins (13, 16, 17) , although O-glycans might make minor contributions to binding that our assay did not detect. CD44 expresses both N-and O-glycans (35) , but only N-glycans have been observed on ESL-1 (16) , and computer algorithms (36) do not predict Oglycans on this protein.
CD43 contributes modestly to rolling of activated T cells on Eselectin (24-26), but we detected no contribution of CD43 to rolling of neutrophils. Our observation is consistent with competitive homing assays that found no contribution of CD43 to neutrophil recruitment to the inflamed peritoneum (27) . T-syn −/− neutrophils rolled less well than neutrophils lacking PSGL-1, CD43, and CD44. This strongly suggests that neutrophils use at least one other Oglycosylated protein to mediate rolling. In the absence of O-glycans, the N-glycans on CD44 and ESL-1 supported almost no tethering to or rolling on E-selectin. In the absence of CD44 and ESL-1, the Oglycans on PSGL-1 and other protein(s) mediate tethering to Eselectin, but the neutrophils roll at higher velocities (15) . Similar complexity may apply to E-selectin-mediated signaling. Normally glycosylated neutrophils rolling on E-selectin use either PSGL-1 or CD44 to initiate Syk-dependent activation of integrin α L β 2 to slow rolling on ICAM-1 (14) . However, even high densities of E-selectin failed to activate Syk or α L β 2 in T-syn −/− neutrophils, even though CD44 on these cells can bind to E-selectin. Signaling may require that E-selectin cooperatively engage CD44 (or PSGL-1) plus another O-glycosylated protein(s).
Interpreted in the context of previous studies, our results argue that neutrophils use both core 2 and extended core 1 Oglycans as E-selectin ligands (Fig. 1A) . C2GnT1 −/− leukocytes lack measurable C2GnT enzymatic activity and core 2 O-glycans (22 −/− and PSGL-1 −/− mice, many of the core 2-based Eselectin ligands on leukocytes may be on PSGL-1. There is evidence that some glycosyltransferases act preferentially at specific sites on proteins (10, 11, 38, 39) . As yet uncharacterized structural features may determine which leukocyte glycoproteins express core 2 and/or extended core 1 O-glycans as E-selectin ligands.
Mucins may have antiadhesive functions that result from repulsion by the negative charges on multiple sialylated O-glycans (40, 41) . T-syn −/− neutrophils lack these potential antiadhesive properties because they expressed only the Tn antigen without detectable sialylation. Nevertheless, they still failed to roll on Eselectin in vitro or migrate into inflamed tissues in vivo. Thus, the loss of proadhesive O-glycan ligands for E-selectin negated any loss of antiadhesive functions from diminished cell-surface sialylation. Bone marrow transplants revealed no evidence for augmented rolling or arrest of WT neutrophils in T-syn −/− venules, perhaps because sulfated proteoglycans contribute most negative charges to the glycocalyx of endothelial cells (42) .
Unlike murine neutrophils, human neutrophils express sialylated glycosphingolipids with some Galβ1-4GlcNAc units modified with α1-3 fucose (43). Inhibiting glycolipid synthesis in human neutrophils partially impairs rolling on E-selectin (43) , but this could result from diminished cell deformability (44) . Glycolipids isolated from human neutrophils bind to E-selectin (43) . However, glycolipids are much shorter than glycoproteins. Within the glycocalyx of intact cells, they may not be accessible to rapidly interact with E-selectin during rolling. Therefore, core 1-derived O-glycans on proteins may be essential E-selectin ligands on human as well as murine neutrophils.
Previous studies documented both shared and distinct contributions of PSGL-1, CD44, and ESL-1 to E-selectin-mediated adhesion and signaling (12) (13) (14) (15) . Our demonstration that neutrophils require core 1-derived O-glycans to mediate these events reveals additional complexity during the critical early stages of inflammation. It will be important to define the relative contributions of core 2 and extended core 1 O-glycans as E-selectin ligands and to identify the additional O-glycosylated protein(s) that interact with E-selectin.
Materials and Methods
All mouse experiments were performed in compliance with protocols approved by the Institutional Animal Care and Use Committee of the Oklahoma Medical Research Foundation. The unpaired Student t test was used to determine P values as indicated in the figures. Details including proteins, mice, flow cytometry, precipitation of leukocyte glycoproteins with E-selectin, flow chamber assay, E-selectin-mediated Syk phosphorylation, intravital microscopy, thioglycollate-induced peritonitis, competitive neutrophil recruitment assay, and semiquantitative RT-PCR are given in SI Materials and Methods.
